Several theories have been proposed to explain the transient hypotension which occurs upon the initiation of cardiopulmonary bypass. The present study investigated the possibility that addition of the laetated Ringer's solution pump priming volume to the circulation causes dilution of ci rc ulating catecholamines leading to the hypotension. Circulating epinephrine and norepinephrine levels were measured during cardiopulmonary bypass in patients anaesthetized with halothane. The results demonstrate dilution of circulating cateeholamines at the start of bypass in conjunction with the observed hypotension. During the bypass period, mean blood pressure gradually recovered to normotensive levels even though circulating catecholamine levels remained significantly lowered, indicating a mechanism for the recovery of blood pressure which is not sympathoadrenal. The results obtained from this study demonstrate a temporal relationship between catecholamine dilution by the pump priming volume and the observed hypotension. Whether catecholamine dilution is the sole factor causing the hypotension remains to be determined.
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AN IMMEDIATE transient hypotensive response following initiation of extracorporeal circulation is a common occurrence. Various theories have been suggested to explain the cause of the hypotension. Amongst them, most important are: (1) marked reflex vasodilatation of both resistance and capacitance vessels during the initial period of partial bypass, thought to be caused by intense triggering activity of the baroreceptor system due to pulse generation by the still beating heart and the constant infusion of fluid into the aorta from the arterial line;' (2) alteration in the baroreceptor perception due to change in the pattern of blood flow from pulsatile to nonpulsatile type; 2 (3) decreased blood viscosity due to haemodilution; 3 and (4) decreased concentration of circulating catecholamines due to plasma dilution by the extracorporeal priming volume, which is of primary interest to the authors, and is the focus of this report. This study measured the extent of extracorporeal dilution of circulating catecholamines in patients anaesthetized with halothane while undergoing aortocoronary bypass operations and assessed its role in causing the hypotensive response observed upon initiation of extracorporeal circulation. PATIENTS AND ME'I HODS Twenty consenting adult patients of A.S.A. physical status 3, undergoing aortocoronary bypass, were selected for the study. The patients were premedicated with 0.1 mg. kg-' of morphine one hour before operation. Preoperative preparation of the patients included two peripheral intravenous lines, radial artery cannulation and introduction of a central venous cannula through the right internal jugular vein. Patients were well oxygenated before induction of anaesthesia. Anaesthesia was induced with incremental doses of thiopentone (range 4-5mg-kg-') and muscle relaxation achieved with pancuronium, 120lag.kg-'. Patients were ventilated by mask with a mixture of 50:50 oxygen and nitrous oxide. Tracheal intubation was done 3 to 4 minutes after spraying the vocal cords and trachea with 4 ml of lidocaine four per cent. Anaesthesia was maintained with halothane, the concentration of which ranged from 0.25 to 1.5 per cent as needed. The halothane was discontinued just before the heart was defibrillated. All patients were ventilated mechanically to keep the Paco2 level at 4.66 to 5.32 kPa (35-40 torr).
The extracorporeal system was primed with two litres of lactated Ringer's solution, 50 ml of 50 per cent glucose and 50 mmol of sodium bicarbonate. Bypass flows were maintained at 40--70 ml/kg 9 min -t. All the patients were cooled to 28 ~ C. No catecholamine or other inotropic agent was given during the study.
Serum epinephrine and norepinephrine were 135 (Table I ). The duration of the hypotension was brief, and was followed by a gradual recovery of the blood pressure, although complete recovery to the prebypass level did not occur during bypass.
Circulating epinephrine and norepinephrine levels were found to be significantly lowered two minutes after initiation of cardiopuhnonary bypass compared to prebypass levels. The levels remained lowered throughout the entire period of bypass (Figures 1 and 2 ). Serum epinephrine decreased from a pre-bypass mean (+S.E.M.) level of 1560 + 150ng[I to 1320 -I-150 ng]l late in the bypass. Serum norepinephrine level decreased from 950 +_ 200 ng/l prebypass to 640 + 1101ate in the bypass.
An additional analysis was carried out on the halothane catecholamine data out to determine the dilutionary effect on circulating catecholamine levels resulting from the addition of two litres of pump prime solution containing no catecholamine to the circulating volume at the start of bypass. For the analysis, calculated patienl plasma volumes (70ml/kg • 0.62 plasma fraction) and the measured plasma epinephrine and norepinephrine levels were used to calculate the nanogram amounts of each catecholamine that must be added to the circulation, following the two litrc plasma dilution, to return the catecholamines to the predilutional circulating level.
Norepinephrine 1513 ng and epinephrine 3330 ng were calculated as the total amount of each catecholamine necessary to be added to the circulation to correct for the plasma catecholamine dilution by the pump prime solution (Table IlL The computed results show that, over the course of the bypass, neither catecholamine was added to the circulation in sufficient amounts to make up for the dilutional effect of the priming solution. In some periods catecholamine lost to metabolism and excretion (indicated by a minus value) exceeded that which was added. For norepinephrine, only 47 per cent of the total amount required was added to the circulation during the entire period of cardiopulmonary bypass, and for epinephrine, only 44 per cent of that required was added.
To determine if the same catecbolamine dilutionary changes occur with other anaesthetics, the analysis was applied to catecholamine results obtained when morphine and enflurane were used as the anaesthetics. 4"5 Results of the analysis shown in Table III indicate that the percent plasma dilution in the morphine and enflurane groups was comparable to the halothane group. Likewise, the amounts of norepinephrine and epinephrine needed to correct for the pump prime dilution in these two anaesthetic groups were similar in magnitude 1o the halothane group. What differs from the halothane results is the finding that the calculated dilutional deficit of circulating norepinephrine and epinephrine was corrected within two to eight minutes after the initiation of cariopulmonary bypass in both the morphine and enflurane groups. Further, with morphine and enflurane, but not with halothane, the total atnount of norepinephrine and epinephrine added to the plasma late in the bypass was found to be in excess of the amount necessary to bring the circulating epinephrine and norepinephrine to prebypass levels.
DISCUSSION
Onset of cardiopulmonary bypass is a particularly hazardous period. Transient hypotension occurs invariably at the onset of bypass. If prolonged, this hypotension may lead to neurological, renal or cardiac damage due to decreased perfusion of these vital organs. 6a To avoid hypotension, slow initiation of cardiopulmonary bypass, an increase of perfusion flow and/or addition of vasopressors have been recommended. 1. 6 Our study has provided information on the cause of transient h.ypotension observed at the onset of cardiopulmonary bypass. The results demonstrate a temporal relationship between lowered circulating catecholamines and the observed hypotension. Patients anaesthetized with halothane showed marked hypotension with a concomitant decrease in serum epinephrine and norepinephrine, as the blood was diluted with the priming fluid. Although the blood pressure gradually returned to the prebypass level, sustained lower levels of circulating epinephrine and norepinephrine were observed. This is in direct agreement with other investigators who have shown a depressant effect of halothane on the sympathoadrenal system, s'9 The finding that normotension (prebypass level) was achieved late in the bypass period despite low circulating catecholamines suggests that other antihypotensive reflex mechanisms are involved, such as the renin-angiotension mechanism which has been shown to be active during periods of lowered blood pressure. ~~ Although, in the presence of significant sympathoadrenal stimulation due to hypotension the renin-angiotension response is reported to be small or absent. ~ in light of the diminished sympathoadrenal response measured in this study, it is reasonable to assume that the renin-angiotension mechanism was involved in the observed recovery of blood pressure.
Results previously reported by ourselves 4-s and others 8'~-ts have shown that when morphine or enflurane are employed as main anaesthetic agents transient hypotension occurs at the onset of extracorporeal circulation. However. the hypotension is associated with a rapid reflex stimulation of the sympathoadrenal system, resulting in an exaggerated outpouring of epinephrine and norepinephrine into the circulation. Hence, one does not observe a significant dilutional effect of the pump priming volume on circulating catecholamines. Since enflurane and morphine do not cause inhibition of the sympathoadrenal system, s'9,j3 the exaggerated sympathetic response is primarily responsible for maintenance of normotension (prebypass level). in this study halothane was shown to suppress the adrenal epinephrine and norepinephrine output in relation to hypotension; hence the observed dilutional effect of priming volume on circulating epinephrine and norepinephrine.
Unless the associated hypotension is prolonged and does not respond to increasing the peffusion flow, the need for vaso-pressor support is rare. The question of whether reduced circulating catecholamine is of value to the cardiac patient is not presently known. It is unfortunate that we were not able to measure cardiac output in these patients. It is possible in certain patients that a reduction in peripheral resistance could be of value, particularly when there is a need to maintain microvasculature flow which may be compromised by cold and nonpulsatile bypass flow.
In summary, this study has demonstrated a transient period of hypotension at the start of cardiopulmonary bypass in aortocoronary bypass patients anaesthetized with halothane. The occurrence of circulating catecholamine dilution by the pump priming volume was found to be temporally associated with the hypotension. In contrast to patients anaesthetized with morphine or enflurane, recovery of the blood pressure to normotension with halothane anaesthesia is not due to stimulation of the sympatho-adrenal system but due to stimulation of another antihypotensive reflex mechanism, most likely renin-angiotension.
